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Introduction

This storyboard is a tool that will be used to describe the conditions, procedures and expected results for carrying out Work Package 3 - Foundering. By its use the work distribution between the Partners and its control will be fully described.    

1. Description of Work Package Objectives

The aim of the Safety @ Speed project is to develop a formalised methodology for design safety of HSC using state of the art techniques and tools. The global deliverable is this methodology, accompanied by supporting tools and information, which will enable HSC designers to reach an optimal solution with regard to overall safety and through-life cost.

To achieve the project aim it is divided into 6 Work Packages. This Storyboard covers the content of Work Package 3.

The principal objective of the Work Package 3 is to develop a suitable risk/cost model for implementation in a risk based design methodology for high-speed craft, addressing factors relevant to foundering.

The hazards that may lead to foundering are in this context initially identified as loading situations that may lead to structural failure, and subsequently to loss of watertight integrity

· Global Structural failure

· Local structural failure

· Structural failure due to fatigue or corrosion

2. Description of Methodology & Standards

Following confirmation of the main causes of foundering, each will be investigated regarding the risk and cost associated with structural failure. Wave loading for global and structural assessment, evaluated by full-scale measurements from the reference vessel, will be provided from WP2. The developed risk/cost model will then be transferred to WP5 

3. Description of Task Structure

The Work Package is subdivided into the following tasks:

· Work Package Task 3.1 Confirmation of Main Causes

· Work Package Task 3.2 Formulation of Models

· Work Package Task 3.3 Hazard Area Risk/Cost Model

4. Work Programme

4.1 Task 3.1 – Confirmation of Main Causes

4.1.1 Task Objectives

The task objective is to confirm the main causes of foundering are: 

· Global Structural failure

· Local structural failure

· Structural failure due to fatigue or corrosion

4.1.2 Task Methodology & Work Distribution

Benefiting from the experience and information made available by the partners involved in the task (ABS, SEA, FIN, CET) and by an information search, the main causes of structural failure will be investigated by Fault Tree Analysis (FTA). A draft report prepared by FIN and CET will be available for the FMECA workshop to take place in Newcastle at the end of November 2001. In this report the scenarios, which could lead to foundering in HSC, will be identified and the main causes confirmed. For the Deliverable the FTA will be supported by the results of the project wide FMECA and an Accident Synopsis from a database provided by WP1. Furthermore, the task will provide data to assist in scoping the models and loads to be developed, and the failure cases to be examined in subsequent tasks in WP3. Part of this data shall, if applicable, be the identification of key parameters for the foundering of high-speed craft. This information is required to ensure that all the significant factors involved in foundering are modelled appropriately in Tasks 3.2 & 3.3. Close liaison with WP2 will be required.   

4.1.2.1 Participants Responsibilities and Work

Task Leader: 

FIN

Task Contributors: 
ABS




SEA




CET




UNEW
4.1.2.2 Criterion for Conclusion

The criteria for the conclusion of the task are the task deliverables.

4.1.2.3 Distribution of work

FIN (Task Leader)
3 MM

CET


3 MM

ABS


1.5 MM

SEA


1 MM

FIN will lead the task and in conjunction with CET investigate and confirm the main causes of foundering.

UNEW, ABS & SEA will provide input as requested.

ABS will issue the deliverable. 

4.1.3 Task Schedule

	Start Date
	Milestone Date
	Review Date
	End Date

	Month 1
	2001-11-30
	2002-02-30 
	2002-02-30


4.1.4 Task Links & Constraints

The selection of the structure to be modelled and the associated modelling techniques in task 3.2 is dependent on the completion of this task. It is anticipated that the preliminary results of task 3.1 will be communicated to task 3.2 after the meeting in Newcastle (see task deliverables), and by written report.

4.1.5 Task Deliverables

	Type of Deliverable
	Deliverable Number & Title
	Milestone Date
	Review Date

	Report 
	310 Confirmation of Main Causes
	2001-11-19 (Preliminary) 

2001-11-30 (Final)
	2002-02-30


4.2 Task 3.2 – Formulation of Models

Task 3.2 is divided into 4 sub-tasks:


Sub-task 3.2.1 – Interface with WP2


Sub-task 3.2.2 – FE Modelling


Sub-task 3.2.3 – Linear & Non Linear Modelling


Sub-task 3.2.4 – Fatigue & Longevity Modelling 

4.2.1 Task Objectives

The task objectives are as follows:

· Sub-task 3.2.1 – Interface with WP2. To obtain and provide all relevant information and data as described in 5.2.2 Task Methodology and Work Description.

· Sub-task 3.2.1 – FE Modelling. To develop an FE model and investigate critical areas of the structure as described in 5.2.2 Task Methodology and Work Description.
· Sub-task 3.2.3 – Linear & Non Linear Modelling. To evaluate different hull-girder strength assessment methods with a view to providing guidance to designers on the appropriateness of the methods and applications as described in 5.2.2 Task Methodology and Work Description.  

· Sub-task 3.2.4 – Fatigue & Longevity Modelling. To examine areas identified as problematic and investigate the associated issues as described in 5.2.2 Task Methodology and Work Description.
4.2.2 Task Methodology & Work Distribution

4.2.2.1 Sub-task 3.2.1 – Interface with WP2

The initial work of this sub-task shall be to determine the loading data required, and that available from WP2. It is anticipated that this will require a meetings and close co-operation between the members of WP2 and WP3. The preliminary determination of the required loading data should be made in light of the main causes confirmed by task 3.1, and discussed with WP2 to reveal any potential gaps in loading data. This discussion should take place immediately after the completion of task 3.1.

Preliminary global loading data (to assist in simple beam bending analysis) shall be obtained from WP2 as early as possible, to aid in the determining of the key structural locations for modelling. Members of sub-task 3.2.1 shall inform sub-tasks 3.2.2 & 3.2.3 of the availability and form of this global loading data to ensure continuity of the tasks.

As the project has progressed it has been found that within the bounds of the project it is not realistic to derive either quasi-dynamic or non-linear loads for FE modelling. Therefore, a structural inspection of the base case vessel has been carried out and from this various areas have been identified for structural evaluation and analysis. A number of Classification Society Rules will be examined and the results compared with the purpose of deriving loads that can be applied to the analysis models in sub-tasks 3.2.2 & 3.2.3.

Following the initial work outlined above, wave induced loads and accelerations determined by WP2 for the base case model (a mono-hull supplied by FIN and co-ordinated with WP2) will be reviewed and intended normal operational and extreme load cases will be selected for transfer to sub-task 3.2.3, for global and local loads. In addition, repetitive loads acting during the lifetime of the vessel will be selected and transferred to sub-task 3.2.4. . The format of the load cases after selection will be such that they can be directly applied to the models in the subsequent sub-tasks.

A report describing the selected load cases will be the deliverable from this sub-task. Data files describing the loads will be prepared for use in sub-task 3.2.3 and sub-task 3.2.4.

4.2.2.2 Sub-task 3.2.2 – FE Modelling

A full ship FE model of the reference vessel (see 5.2.2.1 above) will be developed with a view to being available for the following possible uses:

· To investigate those parts of the structure determined to be critical by task 3.1 with regard to foundering.

· To identify other critical areas of the structure (if any). 

· To generate boundary conditions fine mesh elastic-plastic FE models for those areas identified as critical by this task and task 3.1. 

· To serve as a baseline analysis technique for the investigation of various simplified analysis tools.

The analytical tool used will be NASTRAN, DYTRAN or ABACUS Implicit/Explicit. The final choice of the analytical tool will be made primarily by NTUA to best suit the main causes identified by task 3.1. The investigation will lead to optimal designs in terms of cost. The FE analysis will be performed in the linear elastic response range. The local design loads will be applied statically based on the Classification Rule requirements determined in sub-task 3.2.1.

A further model will be developed from the full model to assist in an analysis performed in the elasto-plastic response range to assist in the verification of the ultimate strength design tool.

The deliverable from the sub-task will be a FE model suitable for testing and investigation of all tasks of sub-task 3.2.3.

4.2.2.3 Sub-task 3.2.3 – Linear & Non Linear Modelling

High speed craft are weight sensitive and do not have the same degree of reserve strength as conventional, unrestricted service vessels. Global and local structural failure have been proposed as “main causes” of foundering. Therefore, different hull-girder strength assessment methods will be evaluated, with a view to providing guidance to designers on the appropriateness of the different methods for particular applications. 3-D FE analysis, as well as two-dimensional analytical beam-column analysis techniques will be used to assess the ultimate and post-ultimate strengths.

Fine mesh local FE models will be generated where details have been identified as significant for foundering, by task 3.1 or the response of the global FE model. Parametric investigations of these details shall be considered and employed where appropriate.

Work on this sub-task will comprise of the following:

· Prediction of the ultimate and post-ultimate strength of a HSC using linear and possibly, non-linear FE analysis, as well as two-dimensional analytical beam-column analysis techniques, for global and local loading. (UNEW propose to perform the 2-D column analysis using LR PASS and investigate other applicable simplified analysis methods. NTUA propose that local structure will analysed using NASTRAN, DYTRAN or ABACUS implicit/Explicit as is determined applicable. ABS will also assist in the global local modelling as required.)

· Comparison of ultimate and post-ultimate strengths with structural response to maximum intended normal operational loading and extreme condition loading (global & local).

· Development of sensitivity analysis to determine effect of using different loading and strength models in assessing structural integrity.

· Generation of parametric generic data for application in the risk/cost model. Parameters should include those identified as key by task 3.1 and WP5, when the draft user requirements are issued (It is important to note that the draft report of user requirements will be issued by WP5 after the completion of task 3.1. Therefore, this sub task will have primary responsibility with regard to integrating these parameters.). Because of the time constraints on the project, simplified analysis tools will be used to perform parametric studies of hull global strength.  

· Development of pre-normative design guidelines to limit risk of loss of structural integrity.

4.2.2.4 Sub-task 3.2.4 – Fatigue & Longevity Modelling
Fatigue cracking in high-speed craft is a particular concern, both for the structural integrity of the craft, and the repair cost associated with fatigue damage for owners/operators. It is logical, therefore, that fatigue should be investigated as part of a risk/cost model for HSC. It is found that most fatigue problems in high-speed craft are related to cyclic local loading rather than global loading. With increasing vessel size however, global loading is likely to become more significant. Areas identified as problematic and that will have to be considered with care in design, are structural connections in close proximity to vibration sources such as, main engines, auxiliaries, and propulsion devices, as well as at sharp transitions of frames and similar structure supporting the shell plating in areas subject to dynamic sea loads. This list of problematic areas shall be compared to the main causes of foundering determined in task 3.1. From this comparison, key areas for investigation in the fatigue analysis will be determined. The overall goals of the fatigue and longevity modelling will be:

· To demonstrate and quantify the fatigue problem in high-speed craft

· If possible to develop an analysis method that accounts for fatigue in a risk/cost methodology at the preliminary design stage, instead of the detailed design stage

Work on the task will further comprise investigation of the variations in material properties, quality of construction and effect of corrosion, and will collect real life data on variables relating to these issues. 

4.2.2.5 Participants Responsibilities and Work

	
	Sub-task 3.2.1
	Sub-task 3.2.2
	Sub-task 3.2.3
	Sub-task 3.2.4

	Task Leader
	DTU
	NTUA
	NTUA
	UNEW

	Task Contributors
	
	
	ABS

UNEW
	


4.2.2.6 Criterion for Conclusion

The criteria for conclusion of the task are the task deliverables 

4.2.2.7 Distribution of work

	
	Sub-task 3.2.1
	Sub-task 3.2.2
	Sub-task 3.2.3
	Sub-task 3.2.4

	DTU
	* 3 (0.5) MM
	
	
	

	NTUA
	
	* 5 (2.5) MM
	* 5 (2.5) MM
	

	UNEW
	
	
	3 MM
	* 9 (1) MM

	ABS
	
	
	9 MM
	


Notes.

* Denotes sub-task leader.  Sub-task leaders in will issue the deliverables.
Values shown in parenthesis denote additional academic man-months 

4.2.3 Task Schedule

	Sub-task
	Start Date
	Milestone Date
	Review Date
	End Date

	3.2.1
	Month 4
	Month 15
	Month 18
	Month 21

	3.2.2
	Month 4
	Month 15
	Month 18
	Month 21

	3.2.3
	Month 4
	Month 15
	Month 18
	Month 21

	3.2.4
	Month 4
	Month 15
	Month 18
	Month 21


4.2.4 Task Links & Constraints

It is important to note that the final details and exact scope of the structural modelling cannot be determined without identification of the critical parts of the structure related to foundering (task 3.1), and the preliminary loading information (WP2). Therefore, the sub-tasks 3.2.2, 3.2.3 and 3.2.4 will be reviewed by NTUA, UNEW and ABS as soon as the aforementioned information is available, in order to update the storyboard in an ongoing manner (the structural inspection outlined in 5.2.2.1 has been utilised to this end).

The initiation of sub-task 3.2.1 is dependent on the relevant information from WP2 and successful liaison with WP2. It is anticipated that sub-task 3.2.1 will operate closely with WP2 at all times.

Sub-task 3.2.3 and 3.2.4 are dependent on the selected load cases from sub-task 3.2.1 being available, the confirmation of the main causes by task 3.1, and the completion of the global FE model by task 3.2.2. It is anticipated that the confirmation of the main causes by task 3.1 will be distributed to sub-tasks 3.2.3 and 3.2.4 at or before the meeting in Newcastle. It is also anticipated that preliminary global loads will be available shortly thereafter.

Sub-task 3.2.3 and 3.2.4 require a specification for the format of the models from task 3.3 before task 3.2 can start to build the models. It is anticipated that this will be available after WP5 issues the outline of the overall risk model.

Task 3.3 is dependent on the completion of all of the sub-tasks in task 3.2. Part of the criteria for the task deliverables in task 3.2 will be communication of the results to task 3.3.

4.2.5 Task Deliverables

	Sub-task
	Type of deliverable
	Deliverable Number & Title
	Milestone Date
	Review date

	3.2.1
	Report
	321 Formulation of load case data 
	Month 18
	Month 19

	3.2.2
	Report/Model
	322 Formulation of FE Model
	Month 18
	Month 19

	3.2.3
	Report/Model
	323 Formulation of Linear & Non–linear Model
	Month 18
	Month 19

	3.2.4
	Report
	324 Formulation of Fatigue and Longevity model
	Month 15
	Month 18


4.3 Task 3.3 – Hazard Area Risk / Cost Models

4.3.1 Task Objectives

To develop models of Hazard Area Risk and Cost. 

4.3.2 Task Methodology & Work Distribution

Work on this task will concentrate on the development of a probabilistic model with appropriate multi-dimensional criteria to correlate the variations in the extreme hydrodynamic load, structural strength and fatigue predictions, construction quality, corrosion and material properties to reliability indices. 

Furthermore, a cost model will be developed to include all relevant information regarding HSC structures. Damage consequences evaluated in other tasks of WP3 will be assessed and cost related to each damage scenario will be calculated based on the shipyard (building and repair costs) and from the ship operator (operating cost and loss of revenue due to reduced service availability). Additionally, the model will include construction costs, repair costs and cost related design modifications due to safety enhancement features.

The two models will be inter-linked, and the complete model will subsequently be used in WP5. 

Early consideration is to be given to the analytical tools to be used, the required form of data input from the preceding tasks and the required form of output to WP5. It is intended to develop an outline of both the risk and cost models to be created, and a specification for the models from task 3.2 which will form the input to task 3.3. This should occur shortly after the outline of the overall risk model is presented to the consortium by WP5 in December 01.

Early consideration is to be given to the form of presented data taking into account the future usability of the data and ease of application. The user requirements developed by WP5 will be evaluated with this in mind for WP3.     

4.3.2.1 Participants Responsibilities and Work

Task Leader:

UNEW

Task Contributors:
N/A


4.3.2.2 Criterion for Conclusion

The criteria for the conclusion of the task are the task deliverables

4.3.2.3 Distribution of work

UNEW(Task Leader)
13 (2) MM


ABS


1.4 MM

UNEW will lead the task

ABS will assist where required

UNEW will issue the deliverables

4.3.3 Task Schedule

	Start Date
	Milestone Date
	Review Date
	End Date

	Month 16
	Month 24
	Month 27
	Month 30


4.3.4 Task Links & Constraints

The initiation of task 3.3 is dependent on the completion of task 3.2. Task 3.2 will present their results to task 3.3 as task 3.2 finishes and 3.3 begins.

The initiation of task 3.3 is also dependent on the creation of an outline of the overall risk model by WP5. It is proposed that this document should be available in December.

The formulation of the model in task 3.2 is dependent on the creation of a specification for the model by task 3.3. This specification will be completed and communicated to task 3.2 in a timely fashion after the outline of the overall risk model is received from WP5.

WP 5 is dependent on the final report from task 3.2 and 3.3. Task 3.3 will be responsible for communicating the results from their work to WP5 as required.

4.3.5 Task Deliverables

	Type of Deliverable
	Deliverable Number & Title
	Milestone Date
	Review Date

	Report / SW
	330 Hazard Area Risk/Cost Model
	Month 24
	Month 27



